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(1) 在以东太平洋为代表的大洋海区，利用 1996-2004 年夏季四个航次的实
测数据建立了海表 pCO2 与 SST 的单参数算法模型，利用 2003 夏季在该海区的
实测数据对算法进行检验。结果表明，该经验算法在大洋海区具有很好的适用









态下 CO2 通量为 3.8 mmol·m-2·d-1，表现为大气的弱源；在冷涡强盛期，CO2 通
量为 22.5 mmol·m-2·d-1，表现为常规状态下的六倍。对于南海这样一个 CO2 弱源
的海区，冷涡对 CO2 通量的影响应该引起足够重视。 
(3) 选择三种类型的海区，对算法的适用性与局限性进行验证。在西太平洋
海域(大洋海区)，单参数算法(RMS约为21 μatm)比双参数算法(RMS约为41 μatm)
适用，主要是由于大洋区域的海表 pCO2 受到 SST 的控制；在西大西洋加勒比海
沿岸(边缘海海区)，单参数算法的适用性(RMS 为 6.8 μatm)优于双参数算法(RMS
为 32.6 μatm)，主要是由于该海区的 Chl 含量很低(92%的匹配数据小于 0.10  
mg·m-3)，虽然处于边缘海，但其生物作用的影响可以忽略；在阿拉伯海(上升流















通过进一步分析，该海区 pCO2 与 SST 之间存在良好的线性关系(R2=0.97)，且
pCO2 与 SSS 之间存在良好的线性关系(R2=0.94)，在今后上升流的研究中，可把
SSS 作为一个遥感参数加入上升流模型中。 
 


















Using remote sensing technique to detect air-sea CO2 flux and its response to 
global change is a hot topic in the concurrent ocean carbon study. According to the 
characteristics of water body, we applied in situ data to formulate CO2 flux empirical 
algorithms suitable for different waters (e.g. open ocean, marginal sea and upwelling 
areas), gained the remote sensed CO2 flux, and then validated the applicibity of these 
algorithms with the in situ data. 
 (1) In the open ocean of East Pacific, we used 4 summer cruises data (1996-2004) 
to formulate the single parameter model based on the relationship between SST and 
pCO2, and then validate this algorithm with in situ data collected in summer of 2003. 
The result indicated:this empirical algorithm was applicable in the open ocean 
(RMS=5.0 μatm), and the estimation of CO2 flux was about -1.4 mmol·m-2·d-1, which 
suggested air CO2 was a weak sink. We extended this model to the open ocean of 
West pacific, the error was increased (RMS=19.6 μatm). So we should be careful 
when extending the use of empirical algorithm derived from multiple in situ cruises 
data. 
 (2) We applied the double-parameter algorithm derived from the north South 
China Sea to west South China Sea, and the result suggested the increament of error 
(RMS=13.0 μatm). Using remote sensing technique combined with in situ data, we 
found the interference fator was cold eddy. So we formulated the empirical 
algorithms based on the observation of cold eddy, and RMS decreased from 13.9 to 
7.0 μatm. Under the normal circumstance, CO2 flux in west South China Sea was 3.8  
mmol·m-2·d-1, where the air acted as a weak sink ; in the strong phrase of cold eddy, 
CO2 flux was 22.5 mmol·m-2·d-1, was 6 times as large as the normal state. It’s worth 
notice that cold eddy may influence CO2 flux in South China Sea which act as a weak 















(3) We selected three different types of sea areas to validate the empirical 
algorithms. In the open ocean of West Pacific, due to the strong influence of SST on 
pCO2 in the sea surface, the performance of single-parameter algorithm (RMS ~21 
μatm) is better than the double-parameter one (RMS~41 μatm). In Caribbean Sea 
(marginal sea), the single-parameter model (RMS~6.8 μatm) is much applicable than 
the double one (RMS~32.6 μatm), because Chl concentration is low (Chl<0.1 mg·m-3 
in 92% of matched data points). In Arabian Sea (upwelling area), the empirical 
algorithm derived from west Souch China Sea worked well, but the error was slightly 
greater (RMS~16 μatm); and we found that there is a strong linear relationship 
between pCO2 and SST (R2=0.97), pCO2 and SST (R2=0.94). In the future, we can 
merge SSS as a remote sensing coefficient into the study of upwelling model.  



















Chl Chlorophyll Concentration  叶绿素 
CDIAC Carbon Dioxide Information Analysis Center  二氧化碳信息分析中心 
CDOM Chromophoric Dissolved Organic Matter  有色可溶性有机物 
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第 1 章 绪论 
1 
 
第 1 章 绪论 
由温室效应导致的全球变暖已成为目前人类面临的重大环境问题之一，
CO2 也因此成为人们最为关注的温室气体。海洋是全球最大的碳储库，对大气
CO2 的浓度起着重要的调控作用(Fasham et al., 2001; Sabine et al., 2004)。海-气界








在工业革命以前的 42 万年中，全球大气 CO2 的平均浓度在 180-300 ppm 之
间变化(Petit et al., 1999)。然而工业革命以来，人类活动将大量 CO2 气体释放到




都议定书》已经于 2005 年 2 月正式生效。2007 年 12 月，《联合国气候变化框架
公约》第 13 次缔约方大会进一步讨论了“后京都”问题并形成了“巴厘岛路线





















提供基本数据，在谈判中占得先机(张龙军, 2003; 戴民汉, 2009)。 
 
 
图 1-1 1958-2010 年 Mauna Loa 站大气 CO2 含量(NOAA, 2010) 
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